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(54) Sealed alkaline storage battel^ 

(57) A sealed alkaline storage battery with a long 
cycle life is disclosed, in which an inadequate adjust- 
ment between some of the electrode plates in a cell and 
the difference in the deterioration resulting from the dif- 
ference in the heat dissipating abilities of the plates in 
the cell has been obviated. The storage battery com- 
prises an electrode group configured by piling up a plu- 
rality of positive electrodes and a plurality of negative 
electrodes alternately with separators interposed there- 
between, wherein the capacities of the respective nega- 
tive electrodes are larger than those of the adjacent 
positive electrodes, except for the negative electrodes 
positioned at both ends of the electrode group. The 
capacities of the positive electrodes and the negative 
electrodes in the central part of the electrode group are 
larger than those of the positive electrodes and the neg- 
ative electrodes located closer to both ends of the elec- 
trode group. 
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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to an improvement in a sealed alkaline storage battery, in particular a ntckel-metal 

hydride storage battery comprising a plurality of positive electrodes and a plurality of negative electrodes piled up alter- 
nately with separators interposed therebetween. 

Sealed alkaline storage t)atteries, represented by nickel-cadmium storage batteries and nickel-metal hydride stor- 
age laatteries, have a high energy density and excellent reliat)ility, and thus a great number of them are now used as 
10 power sources for portable electronic appliances such as lap-top computers and portable telephones. 

In addition, the sealed alkaline storage batteries have recently been attracting attention in this field of the art as 
power sources for moving objects such as household electric appliances and electric vehicles. For such applications, a 
large scale battery power source system built by connecting a large number of cells in series is proposed. Each of the 
cells is produced by housing in a sealed battery case an electrode group configured by piling \jp a multiplicity of positive 
IS electrodes and negative electrodes aKernately with separators interposed therebetween. 

In configuring such targe scale battery power source system, it is usual to use not less than 10 sheets, typically 10 
plus several sheets of the positive electrodes and negative electrodes for configuring the electrode group to be con- 
tained in a celt. 

In the sealed storage batteries, it is customary to make the capacity of the negative electrode larger than that of the 

20 positive electrode, thereby to cause the negative electrode to ak>sorb oxygen gas generated from the positive electrode 
during overcharging. In addition, in configuring the electrode group by piling up the positive electrodes and the negative 
electrodes, it is usual to make the number of the negative electrodes one sheet larger than that of the positive elec- 
trodes and to place the negative electrode plates at the outermost parts of the electrode group. 

Results of a cycle life test conducted on the power source of a large capacity sealed alkaline storage battery con- 

25 figured by connecting a great number of cells of the above-mentioned structure in series raised the following prot)tems. 
That is. even when the cells are so configured that a sum of the capacities of all the negative electrodes in one celt 
is larger than that of the positive electrodes, the absorption of oxygen gas during the overcharging cannot k>e proceeded 
satisfactorily if the cell contains such a negative electrode which has a snnaller capacity than that of the adjacent positive 
electrodes. In addition, if a battery case is so designed that each of the cells can satisfactorily dissipate heat generated 

30 in the cell almost uniformly, heat dissipating abilities of the electrode plates arranged in the central part of the electrode 
group configured by laminating a multiplicity of electrode plates are inferior to those of the electrode plates located 
closer to both ends of the electrode group. For this reason, temperature of the electrode plates located in the central 
part of the electrode group inevitably rises, whereby particles of the hydrogen storage alloy are corroded in the negative 
electrodes and an irreversit)le product y-nickel oxytiydroxide, is produced at the nickel positive electrodes, resulting in 

35 a decrease in the capacities of the electrode plates. 

As mentioned previously, in the cell comprising the electrode group configured by laminating a multiplicity of elec- 
trode plates, function of the cell as a whole may be impaired by inadequate adjustment between the electrode plates, 
or by deterioration of some of the electrode plates contained in the electrode group. Further, in a battery power source 
system built by connecting a multiplicity of the cells in series, the deterioration of some of the cells results in the deteri- 

40 oration of the module battery as a whole. 

BRIEF SUMMARY OF THE INVENTION 

It is therefore the primary object of the present invention to obviate the inadequate adjustment between some of the 
45 electrode plates contained in the cell and the difference in the deterioration resulting from the difference in the heat dis- 
sipating ability of the electrodes in the cell, thereby to provide a sealed alkaline storage battery which has a long cycle 
life. 

The present invention provides a sealed alkaline storage battery oonrtprising an electrode group which comprises 
a plurality of positive electrodes and a plurality of negative electrode piled up alternately with separators interposed 
50 therebetween, an alkaline electrolyte and a sealed battery case containing the above-mentioned electrode group and 
the alkaline electrolyte, wherein the capacities of the above-mentioned respective negative electrodes are larger than 
those of the adjacent positive electrodes, except for the negative electrodes positioned at both ends of the electrode 
group. 

While the novel features of the present invention are set forth particularly in the appended clainns, the invention. 
55 both as to organization and content, will be better understood and appreciated, along with other objects and features 
thereof, from the following detailed description taken in conjunction with the drawings. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1 is a diagram showing a comparison of the battery inner pressures upon completion of charging of the sam- 
ple cells in accordance with the specific examples of the present invention. 
5 FIG. 2 is a diagram showing a comparison of the battery inner pressures upon completion of charging of the sam- 

ple cells in accordance with the other specific examples of the present invention. 

FIG. 3 is a diagram showing a relationship between the charge/discharge cycle and the discharge capacity and a 
relationship between the charge/discharge cyde and the battery inner pressure upon completion of charging of the 
sample cells in accordance with the other specific examples. 

10 

DETAILED DESCRIPTION OF THE INVENTION 

The sealed alkaline storage battery in accordance with the present invention increases the capacities of the 
respective negative electrodes nrcre than those of the adjacent positive electrodes except for the negative electrodes 

75 positioned at both ends of the electrode group, in the electrode group which comprises a multiplicity of positive elec- 
trodes and negative electrodes piled up alternately with the separators interposed therebetween. 

In this kind of sealed storage battery, a system of inaeasing the capacities of the negative electrodes nrK>re than 
those of the positive electrodes is custonnarily employed* thereby to cause the negative electrode to absorb the oxygen 
gas generated from the positive electrodes during the overcharging. In the past, although the capacity of the negative 

20 electrode in the cell as a whole had been set larger than that of the positive electrode, no strict numerical control on the 
capacities had not been performed on the indtvklual electrode plates. 

The present inventors have now found that if the capacity of any of the negative electrode plates is smaller than 
those of the adjacent positive electrodes, i.e.. the electrode group contains some Inadequately adjusted parts, the 
absorption of oxygen gas generated during the overcharging is very poor, thereby to shorten the cycle life of the battery 

25 as demonstrated by the specific examples which will be described later. This is believed because a majority of the oxy- 
gen gas generated from the positive electrode during the overcharging Immediately permeates through the separators 
and is absorbed by the confronting negative electrodes. 

Therefore, in the negative electrode plates arranged at both ends of the electrode group, their outer faces are not 
confronted with the positive electrode and thus do rxrt participate in the absorption of the oxygen gas. It is thus admitted 

30 that, of the negative electrode plates of a configuration comprising a conductive support and a negative electrode active 
material coated on both faces of the conductive support only tiie negative electrode plates located at both ends of the 
electrode group may be coated on their one face that is confronted with the positive electrode plates, and that the 
capacity thereof is preferably made to be larger than 1/2, i.e., 50% of tiie capacity of the adjacent positive elecb-ode 
plates. 

35 In addition, tiie capacities of the positive electrodes and the negative electrodes in the central part of tiie electrode 
group in accordance with the present invention are made larger than those of the positive electrodes and the negative 
etecti^odes located closer to both ends of the electi^ode group. In an electrode group configured by laminating a multi- 
plicity of electrode plates, dissipation of heat is poor and deterioration of the electrode plates is liable to proceed in the 
central part of the electrode group. By adopting the above-mentioned configuration, it is possible to suppress the dete- 

40 rioratlon of the electrode plates in the cemral part of the electrode group at early stage of the charge/discharge cyde 
and to make the degree of deterioration of every electrode plate in the electrode group uniform. 

In order to realize a technical advantage by adopting the above-mentioned configuration, it is necessary to make 
the variations in the capacities of the electrode plates as a whole small. It is therefore preferable to regulate the capac- 
ities of both positive and negative electrode plates within ±5% of target values, except for tiie negative electrode plates 

45 placed at both ends of ttie electrode group. 

A suitable ratio of tiie total capacity of the negative electrodes to the total capadty of the positive electi'odes is in a 
range of 1 .4 to 1 .8, more preferably in a range of 1 .5 to 1 .7. 

A suitable amount of the etecti^olyte to the capacity of the positive electrode is in a range of 1 .4 to 2.0 ml/Ah. more 
preferat>ly in a range of 1 .6 to 1 .8 ml/Ah. 

50 According to the present invention, it is possible to obtain a sealed alkaline storage battery with a long cyde life. In 
addition, since the deterioration of all the electi-ode plates tn the cell is made substantially uniform, the cell itself is made 
to have a long cycle life as a unit, and by connecting many ceils in series, it is possible to obtain a large capacity battery 
power source system with a long cycle life. 

In the following paragraphs, tiie present invention will be described in more detail by way of specific examples. 

55 

EXAMPLE 1 

As a hydrogen storage alloy of the negative electrode, an alloy represented by MmNis jAIq sMno^Coo e (Mm rep- 
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resents a Misch metal) was used. Particles having an average particle diameter of 30 \im obtained by wet-putverizing 
the alloy was immersed in an aqueous solution of potassium hydroxide which has a specific gravity of 1 .25 at SO^C for 
one hour. By mixing 100 parts by weight of the particles with 0,8 parts by weight of styrene-butadiene rubber and 0.1 
part by weight of cartx)xymethyl cellulose, and by kneading the mixture with water, a paste of the negative electrode 
mixture was prepared. By coating a nickel-plated steel punched or perforated plate of a thickness of 60 ^m with this 
paste, pressing the coated plate and cutting the pressed plate to have a predetermined size, a negative electrode plate 
was produced. 

As the positive electrode plates, a known nickel electrode prepared by filling an active material mixture consisting 
mainly of nickel hydroxide powder in a foamed nickel 5ut>strate was used. 

By piling up 16 sheets of the above-mentioned negative electrode plates with 15 sheets of the positive electrode 
plates alternately with separators of sulfonated polypropylene nonwoven fakwic interposed ttierebetween. an electrode 
group was configured. By inserting this electrode group in a battery case made of a synthetic resin, injecting an elec- 
trolyte of an aqueous solution of potassium hydroxide which has a specific gravity of 1 .30 in the battery case in an 
amount of 1 .65 ml/Ah per unit capacity of the positive electrode, and gas and liquid-tightiy closing the open end of the 
battery case with a seating plate having a safety valve, four (cells A, B. C and D listed in Table 1 below) nickel-metal 
hydride storage batteries of nominal capacity of 105 Ah were configured. 

Table 1 lists the capacities of the respective electrode plates positioned at one end of the electrode group to the 
other end in the order of the arrangement of the respective positive electrode plates and the negative electrode plates 
of tiie cells A. B, C and D. 
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Table 1 





Cell 


A 


D 




n 
u 


5 


Capacity of positive electrode plate (Ah) 


1 


5.84 


7.14 


0.o9 


O.U1 






2 


9.26 


6.56 


7.4D 


/.40 






3 


6.88 


9.54 






10 




4 


7.01 


C QQ 
O.OO 


o.yo 


C CQ 






5 


5. i2 






SO 






6 


D.24 




o.yH 


T fiQ 






7 


9.02 


CIO 




f .4o 


15 




8 


8.14 


6.47 


O.lO 


O.OO 






9 


6.18 


7.84 


6.29 


7.12 






10 


7.45 


6.01 


6.66 


6.69 


20 




11 


7.22 


8.88 


6.19 


6.97 






12 














13 


5.56 


6.68 


7.84 


0.14 






14 


9.06 


7.41 


6.68 


7.64 


25 




15 


6.01 


6.56 


6.95 


6.48 






Total 


104.96 


104.99 


105.01 


■4 AC nA 

1 05.04 






Standard deviation 


1.34 


1.06 


0.95 


0.60 


30 


Capacity of negative electrode plate (Ah) 


1 


13.01 


10.87 


1 1 .23 


10.64 






2 


8.38 


1 1.65 


8.56 


8.98 






3 


10.12 


8.79 


10.24 


' 9.64 


35 




4 


8.23 


9.87 


10.23 


9.87 




5 


9.56 


10.01 


11.08 


11.06 






6 


11.68 


12.01 


10.89 


10.67 






7 


10.24 


11.04 


8.79 


9.83 


40 




8 


8.65 


9.13 


9.DO 


9.o4 






9 


10.65 


9-45 


10.46 


10.37 






10 


o.oo 


9.62 


9.67 


9.38 


45 




11 
12 


11.11 
10.09 


8.46 
10.21 


9.58 
9.95 


10.94 
10.02 






13 


8.48 


9.46 


10.57 


9.67 






14 


12.28 


10.2 


9.56 


9.39 


SO 




15 


8.45 


9.56 


9.67 


9.94 






16 


10.47 


9.62 


9.78 


9.97 






Total 


159.90 


159.95 


159.94 


160.01 


55 




Standard deviation 


1.49 


0.98 


0.75 


0.59 


Capacity ratio of negative electrode/positive electrode 


1.523 


1.523 


1.523 


1.523 
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As listed in Table 1 above, in the cell D, all the negative electrode plates have a larger capacity than the adjacent 
positive electrode plates. In the cells A, B and C. however, the capacities of the negative electrode plates are smaller 
than the capacities of the adjacent positive electrodes in the following positions: 

Cell A: 

positive electrode plate 2 - negative electrode plate 2 
positive electrode plate 7 - negative electrode plate 8 
positive electrode plate 14 - negative electrode plate 15 

Cell B; 

positive electrode plate 3 - negative electrode plate 3 
positive electrode plate 1 1 - negative electrode plate 1 1 

Cell C: 

positive electrode plate 7 • negative electrode plate 7 

Comparison of the battery inner pressures of the above-mentioned cells upon completion of charging at a current 
of 1 2 A for 1 0 hours after two charge/discharge cydes conducted at 25*C are shown by the diagram in FIG. 1 . As clearly 
shown in FIG. 1. it is appreciated that the larger the number of positions where the capacities are inadequately 
adjusted, the higher the battery inner pressure upon conrpletion of charging and the inferior their gas absorbing ability 
during the overcharging becomes. 

EXAMPLE 2 

Procedures similar to those in Example 1 were followed in configuring another series of sample cells as listed in 
Table 2 below. In these sample cells^ the capacities of the respective negative electrode plates are also larger than the 
capacities of the adjacent positive electrode plates, but variations in the capacities of the respective electrode plates, 
i.e., the difference between the maximum capacity and the minimum capacity of each of the electrode plate, are differ- 
ent from one another as listed in Table 2. 
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Table 2 



5 



20 



25 



45 



Cell 


D 


E 


r 




Capacity of positive electrode plate (Ah) 


1 


8.01 


7.21 


7.01 


7.13 




2 


7.45 


7.06 


6.94 


7.16 




3 


6.58 


6.78 


7.36 


6.84 




4 


6.69 


7.15 


6.94 


6.94 




5 


5.89 


6.69 


6.66 


6.98 




6 


7.89 


6.84 


7.15 


7.10 




7 


7.45 


6.87 


7.20 


6.87 




8 


6.56 


7»31 


6.81 


6.92 




9 


7 1^ 


A QQ 








10 


D.D9 


R Q7 


o.o*f 


7 ftft 




11 




O.Or 


7 1ft 


7 ft'^ 




12 






7 1ft 


7 ftl 
/.U 1 




13 


6.41 


7.21 


6.87 


6.89 




14 


7.64 


7.05 


7.15 


7.15 




15 


6.48 


6.87 


6.88 


7.02 




Total 


105.04 


105.05 


105.01 


105.02 




Variation 


2.12 


0.62 


0.70 


0.32 


Capacity of negative electrode plate (Ah) 


1 


10.64 


1 1.67 


10.40 


10.31 




2 


8.98 


9.45 


9.87 


9.94 




3 


9.64 


9.42 


9.52 


10.15 




4 


9.87 


10.13 


9.68 


9.79 




5 


11.06 


9.56 


10.46 


9.85 




6 


10.67 


1 1.71 


10.19 


9.83 




7 


9.83 


10.05 


9.87 


10.21 




8 


9.64 


9.64 


9.59 


10.25 




9 


10.37 


9.84 


10.34 


9.75 




10 






1ft ftft 


1ft 1ft 




11 


1ft 


Q ft7 


Q Q7 


10 1*^ 




12 


1ft (\0 


Q 71 


1ft '^Q 


Q OA 




13 


9.67 


10.14 


9.72 


9.96 




14 


9.39 


10.01 


9.76 


9.89 




15 


9.94 


9.24 


10.09 


9.87 




16 


9.97 


9.84 


10.10 


10.01 




Total 


160.01 


160.02 


160.01 


160.04 




Variation 


2.08 


2.47 


0.94 


0.56 


Capacity ratio of negative electrode/positive electrode 


1.523 


1.523 


1.524 


1.524 
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Comparison of the battery inner pressures of the above-mentioned cells upon completion of charging at a current 
of 1 2 A lor 1 0 hours after two charge/discharge cycles conducted at 2S°C are shown by the diagram in FIG. 2. As clearly 
shown in FIG. 2. it is appreciated that the smaller the variations in their capacities of the positive and negative electrode 
plates of one cell, the better their gas absorbing ability during the overcharging becomes. 

EXAMPLE 3 

In this specific example, an investigation was conducted on the battery performance under the conditions in which 
all the negative electrode plates have a larger capacity than those of the adjacent positive electrode plates, and both 
the positive electrode plates arxA negative electrode plates have a very small variations in their capacities are fuffilted. 
For clarifying the differences in the performances resulting from the differences in the capacities of the electrode plates 
in the central part of the electrode group from those of the electrode plates located closer to both ends of the electrode 
group, as compared with the case wherein the capacities of the electrode plates are substantially the same throughout 
the electrode group, the sample cells were prepared. Their capacities are listed in Table 3. 
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Table 3 



5 



10 



35 



45 



Cell 


H 


1 


J 


K 


Capacity of positive electrode plate (Ah) 


1 


7,34 


7.06 


6.98 


6.66 




2 


7.28 


7.03 


6.94 


6.78 




3 


7.15 


6.94 


7.01 


6.87 




4 


7.03 


7.01 


6.99 


6.99 




5 


6.91 


6.99 


7.06 


7.08 




6 


6.84 


6.96 


7.07 


7.16 




7 


6.75 


7.02 


6.99 


7.25 




8 


6.66 


7.02 


6.93 


7.32 




9 


C "70 

O. f£ 




/.Ul 






10 


O.OO 




7 Oft 


7 1ft 




11 


6.94 


7.06 


7.02 


7.06 




12 


7.02 


6.98 


7.02 


6.99 




13 


7.11 


6.97 


6.98 


6.89 




14 


7.20 


7.05 


6.94 


6.78 




15 


7.29 


6.99 


7.05 


6.65 




Total 


105.07 


104.97 


104.99 


104.95 


Capacity of negative electrode plate (Ah) 


1 


10.41 


10.03 


9.58 


9.52 




2 


10.29 


10.09 


9.69 


9.68 




3 


10.13 


9.98 


9.84 


9.83 




4 


10.01 


9.96 


9.96 


9.91 




5 


9.93 


9.90 


10.06 


10.08 




6 


9.85 


10.05 


10.13 


10.21 




7 


9.74 


9.93 


10.31 


10.34 




8 


9.55 


9.91 


10.42 


10.45 




9 


9.64 


10.08 


10.46 


10.49 




10 


y. / 1 


1U.U1 


iA OO 


i A OA 




11 




iA AA 

10.00 


i A i C 


1 A i C 
lU. lO 




12 






1 n HA 

1 U.UD 






13 


10.05 


10.02 


9.96 


9.93 




14 


10.18 


10.01 


9.81 


9.78 




15 


10.31 


10.07 


9.68 


9.65 




16 


10.43 


10.06 


9.59 


9-59 




Total 


160.02 


160.04 


159.99 


159.93 


Capacity ratio of negative electrode4x>sitive electrode 


1.523 


1.525 


1.524 


1.524 



55 

As listed in Table 3. the cell H has a configuration wherein the capacities of the electrode plates in the central part 
of the electrode group are smaller than those of the electrode plates located closer to both ends of the electrode group. 
The cell I is so configured that the variations in the capacities of the electrode plates are made small (smaller than 0.2 
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Ah) in both the plates placed in the central part and located closer to both ends of the electrode group. The cell J Is con- 
figured such that the electrode plates placed in the central part of the electrode group have larger capacities than those 
located closer to both ends of the electrode group. The cell K is configured such that the capacities of electrode plates 
become smaller towards both ends of the electrode group. 

5 The above-mentioned cells were subjected to a charge/discharge test coryJucted by charging them at a current of 

50 A at an ambient temperature of 30**C for 2 hours and discharging at a current of 80 A until their terminal voltage 
dropped to 1.0 V. FIG. 3 shows variations in the discharge capacities (left ordinate) and the battery inner pressures 
(right ordinate) upon completion of charging depicted by taking cycles on the at>scissa. As clearly seen from this dia- 
gram, it is appreciated that the cells J and K show very small deteriorations In their discharge capacities after 500 

10 charge/discharge cycles and small rises in the battery inner pressures, and thus they are expected to have further a 
long cycle life. 

EXAMPLE 4 

75 In this specific example, too, an Investigation was conducted on the battery performance under the conditions in 
which all the negative electrode plates have a larger capacity than those of the adjacent positive electrode plates, both 
the positive electrode plates and negative electrode plates have very small variations in their capacities, and the elec- 
trode plates placed in the central part of the electrode group have larger capacities than those of the electrode plates 
located doser to both ends of the electrode group are fulfilled. For clarifying the differences in the performances 

20 obtained by varying the ratio of the total capacity of all the negative electrode plates to that of the positive electrode 
plates, sample cells were prepared. Their capacities are listed in Table 4 and Table 5. The capacity of the respective 
electrode plates used in the sample cells and the ratio of the capacity of all the negative electrode (plates to the positive 
electrode plates are also listed in Table 4 and Table 5. 

25 

Table 4 



45 



SO 



Cell 


L 


M 


K 


N 


O 


P 


Capacity of positive electrode plate (Ah) 


1 


6.65 


6.66 


6.66 


6.67 


6.65 


6.67 




2 


6.78 


6.77 


6.78 


6.79 


6.78 


6.77 




3 


6.88 


6.89 


6.87 


6.85 


6-88 


6.87 




4 


7.00 


6.98 


6.99 


6.96 


6.98 


6.97 




5 


7.06 


7.07 


7.08 


7.09 


7.09 


7.07 




6 


7.17 


7.18 


7.16 


7.18 


7.18 


7.19 




7 


7.27 


7.25 


7.25 


7.27 


7.28 


7.26 




8 


7.33 


7.34 


7.32 


7.33 


7.34 


7.35 




9 


7.26 


7.27 


7.29 


7.26 


7.24 


7.25 




10 


7.17 


7.19 


7.18 


7.17 


7.14 


7.15 




11 


7.07 


7.06 


7.08 


7.07 


7.08 


7.05 




12 


6.99 


6.98 


6.99 


6.99 


7.01 


6.97 




13 


6.90 


6.88 


6.89 


6.91 


6.92 


6.92 




14 


6.76 


6.78 


6.78 


6.74 


6.73 


6.81 




15 


6.66 


6.66 


6.65 


6.67 


6.67 


6.65 




Total 


104.95 


104.96 


104.95 


104.95 


104.95 


104.95 
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Tables 





Cell 


L 


M 


K 


N 


O 


P 


5 


Capacity of negative elec- 


1 


8.10 


8.83 


9.52 


10.66 


11.22 


11.86 






2 


8.16 


8.89 


9.68 


10.78 


11.34 


11.99 






3 


8.23 


9.04 


9.83 


10.91 


11.47 


12.14 


10 




4 


8.34 


9.25 


9,91 


11.08 


11.61 


12.26 






5 


8.44 


9.36 


10.08 


11.24 


11.74 


12.41 






6 


8.53 


9.48 


10.21 


11.33 


11.96 


12.54 






7 


8.74 


9.55 


10.34 


11.46 


12.11 


12.71 


IS 




8 


8.83 


9.62 


10.45 


11.62 


12.30 


12.89 






9 


8.86 


9.57 


10.49 


11.63 


12.29 


12.91 






10 


8.81 


9.51 


10.26 


1 1.52 


12.14 


12.81 


20 




11 


8.60 


9.44 


10.15 


1 1.41 


11.98 


12.63 






12 


ft Aft 




lU.UO 


1 1 .£,0 










13 


8.37 


9.22 


9.93 


11.11 


11.64 


12.36 


25 




14 


8.24 


9.10 


9.78 


10.98 


11.51 


12.21 




15 


8.18 


8.92 


9.65 


10.84 


11.38 


12.05 






16 


8.11 


8.82 


9.59 


10.70 


11.26 


11.91 


30 




Total 


135.02 


147.94 


159.93 


178.55 


187.74 


198,18 


Capacity ratio of negative/positive electrodes 


1.287 


1.409 


1.524 


1.701 


1.789 


1.888 



The atx>ve'mentioned cells were subjected to a charge/discharge test by charging them at a cun-ent of 50 A at an 
ambient temperature of SO^'C for 2 hours and discharging at a current of 80 A until their terminal voltages dropped to 
35 1 .0 V. Table 6 below shows variations in the discharge capacities and the battery inner pressures upon connpletion of 
charging of the respertive celts. 



40 



45 



50 



55 



11 



EP 0 834 951 A1 



Table 6 



20 



Celt 


L 


M 


K 




O 


r 


ulscnarye capacny ^mti^ 














0 cycle 


80 


80 


80 


80 


80 


80 


100 


80 


80 


80 


80 


80 


80 


200 


80 


80 


80 


80 


80 


80 


300 


78 


80 


80 


80 


80 


80 


400 


71 


80 


80 


80 


80 


78 


500 


64 


80 


80 


80 


80 


72 


Battery inner pressure 














0 cycle 


0.42 


0.46 


0.50 


0.58 


0.88 


1.34 


100 


0.49 


0.50 


0.50 


0.61 


0.89 


2.41 


200 


1.01 


0.56 


0.55 


0.63 


0.91 


3.56 


300 


4.18* 


0.64 


0.63 


0.66 


0.93 


4.15* 


400 


4.21* 


0.71 


0.71 


0.70 


0.94 


4.15* 


500 


4.20* 


0.88 


0.79 


0.76 


0.96 


4.15* 



Note: 

* indicates actuation of the safety valve. 



30 As clearly appreciated from Table 6, if the capacity ratio of negative electrode/positive electrode is small, the vol- 
ume of the electrode group is inevitably small and space in the cell becomes large, and thus the battery inner pressure 
is low at the initial stage of the charge/discharge cycle. The battery inner pressure however rises with the progress of 
the charge/discharge cycle because of poor gas absorbing ability of the negative electrode, resulting in actuation of the 
safety vatve. The decrease in the discharge capacity is remarkable, resulting in a short cycle life. By contrast, if the 

35 capacity ratio of negative electrode/positive electrode is too large, the volume of the electrode group is inevitably large 
and the space in the cell becomes sn^ll. and thus the battery inner pressure is high even in the initial stage of the 
charge/discharge cyde. In addition, the decrease in the discharge capacity caused by the rise in the battery inner pres- 
sure with the progress of the charge/discharge cycle leads to a short cyde life of the cell. Based on the above results, 
it is conduded that the suitat)le capacity ratio of negative eiectrode^sitive electrode is in a range of 1.4 to 1 .8. 

40 

EXAMPLE 5 

In this specific example, procedures similar to those for the cell K of the previous example are followed for config- 
uring another series of sample cells, except that amounts of the electrolyte are varied as listed in Table 7 below. The 
45 sample cells are subjected to the charge/discharge test under the same corxiitions as in Example 4. The variations in 
the discharge capacities of the cells and the battery inner pressures are also listed in Table 7. 
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Table? 



5 



20 



Cell 


Q 


R 


S 


K 


T 




V 


Amount of electrolyte (ml/Ah) 


1.2 


1.4 


1.6 


1.65 


1 .8 


2.0 


2.2 


Lfiscnarye Copacny yrsri) 
















0 cycle 


78 


79 


80 


80 


80 


80 


80 


100 


77 


79 


80 


80 


80 


80 


80 


200 


76 


79 


80 


80 


80 


80 


80 


300 


73 


78 


80 


80 


80 


80 


78 


400 


70 


78 


80 


80 


80 


80 


71 


500 


66 


78 


80 


80 


80 


79 


61 


Battery inner pressure 

\r\y 1/ \M t 1 y 
















0 cycle 


0.38 


0.41 


0.45 


0.50 


0.61 


0.80 


1.15 


100 


0.39 


0.43 


0.47 


0.50 


0.64 


0.91 


1.68 


200 


0.46 


0.45 


0.52 


0.55 


0.69 


1.03 


2.95 


300 


0.54 


0.51 


0.59 


0.63 


0.76 


1.15 


4.ir 


400 


0.63 


0.58 


0.67 


0.71 


0.84 


1.28 


4.13* 


500 


0.74 


0.65 


0.75 


0.79 


0.92 


1.41 


4.13* 



Note: 

* indicates actuation of the safety valve. 

30 

As clearly appreciated from Table 7, tf tfie amount of the electrolyte is small, the battery inner pressure is low at the 
initial stage of the charge/discharge cycle but the discharge capacity is small because the utilization of the positive elec- 
trode is lew. In addition, since oxygen gas which is generated from the positive electrode at early stage of charging cor- 
35 rodes the negative electrode, the cyde life of the battery is short. By contrast, if the amount of the electrolyte is large, 
the utilization of the positive electrode rises but the gas absorbing ability of the negative electrode is lowered, thereby 
to make the safety valve ready to actuate, shortening the cyde life. Based on the above results, it is concluded that the 
suitable amount of the electrolyte is in a range of 1 .4 to 2.0 ml/Ah (per unit capadty of the positive electrode). 

40 EXAMPLE 6 

Thermocouples were inserted in the battery case of a cell configured in the same structure as that of the cell K of 
the previous example and placed dose to each of the positive electrode plates of odd numbers, i.e., of every other 
sheet. Immediately after performing three charge/discharge cydes by charging at a current of 50 A at 25*^0 for 2 hours 

45 and discharging at a currerrt of 80 A for 1 hour on the obtained cell, the temperatures near the positive electrodes were 
measured. In addition, after performing 500 charge/discharge cycles by charging at a current of 50 A at 30*C for 2 hours 
and discharging until the terminal voltage dropped to 1 .0 V, the positive electrode plates of odd numbers were taken 
out. and the amounts of the produced y-nickel oxyhydroxide were roughly determined by X-ray diffraction. The results 
of the measurements were listed in Table 8 below. The amounts of the determined y-nickel oxyhydroxide are repre- 

50 sented t>y taking the value of the electrode plate No. 1 as 1 .00. As clearly shown in Table 8, the electrode groups closer 
to the central part show higher temperatures in order from outward to inward. 
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Tables 



Electrode plate 


Temperature after three 
cycles (**C) 


Amount of yoxy nickel 
hydroxide (relative value] 


1 


26.8 


1.00 


Q 

o 




1 


5 


29.3 


1.78 


7 


32.3 


2.58 


9 


33.6 


2.61 


11 


30.1 


2.01 


13 


28.4 


1.46 


15 


26.7 


1.11 



It is understood that various other modrf ications will be apparent to and can be readily made by those skilled in the 
art without departing from the scope and spirit of this invention. Accord ngly. it is not intended that the scope of the 
claims appended hereto be limited to the description as set forth herein, but rather that the daims be construed as 
encompassing all the features of patentable novelty that reside in the present invention, including alt features that wouki 
be treated as equivalents thereof by those skilled in the art to which this invention pertains. 

Claims 

1 . A seated alkaline storage battery comprising an electrode group which comprises a plurality of positive electrodes 
and a plurality of negative electrodes piled up alternately with separators interposed therebetween, an alkaline 
electrolyte and a sealed k>attery case containing said electrode group and said alkaline electrolyte, wherein the 
capacities of said respective negative electrodes are larger than those of the adjacent positive electrodes, except 
for the negative electrodes positioned at both ends of said electrode group. 

2. The sealed alkaline storage battery in accordance with daim 1. wherein the capacities of the positive electrodes 
and the negative electrodes in the central part of sakl electrode group are larger than those of the positive elec- 
trodes and the negative electrodes located closer to both ends of said electrode group. 

3. The sealed alkaline storage k>attery in accordance with claim 1 . wherein each of the negative electrodes comprises 
a conductive support and an active material coated on both faces of tiie conductive support except for the negative 
electrodes positioned at txjth ends of said electrode group, said negative electrodes positioned at botii ends of saki 
electrode group comprising a conductive support arxJ an active material coated on one face of the conductive sup>- 
port confronting witii the adjacent positive electrode. 

4. The sealed alkaline storage battery in accordance with daim 3, wherein the capadty of each negative electrode 
positioned at both ends of said electrode group is larger tiian 50% of tiie capacity of the positive electi-ode confront- 
ing with said negative electrode. 

5. The sealed alkaline storage battery in accordance with claims 1 . wherein the ratio of the total capadty of the neg- 
ative electrodes to the total capadty of the positive electrodes is in a range of 1 .4 to 1 .8. 

6. The sealed alkaline storage battery in accordance with claim 1 . wherein the amount of the electrolyte to the capac- 
ity of the positive electrodes is in a range of 1 .4 to 2.0 ml/Ah. 

7. A sealed alkaline storage t>attery comprising an electrode group which comprises a plurality of positive electrodes 
and a plurality of negative electrodes piled up alternately with separators interposed therebetween, an alkaline 
electrolyte and a sealed tottery case containing said electrode group and said alkaline electrolyte, wherein the 
capacities of said respective negative elecb-odes are larger than tiiose of the adjacent positive electrodes, except 
for the negative electrodes positioned at both ends of said electrode group, and wherein the capacities of the pos- 
itive electrodes arxj the negative electrodes in the central part of said electrode group are larger than those of the 
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positive electrodes and the negative electrodes located closer to both ends of said electrode group. 

8. The sealed alkaline storage battery in accordance with claim 7, wherein each of the negative electrodes comprises 
a conductive support and an active material coated on both faces of the conductive support except for the negative 
electrodes positioned at both ends of said electrode group, said negative electrodes positioned at both ends of said 
electrode group comprising a conductive support and an active material coated on one face of the conductive Sup- 
port confronting with the adjacent positive electrode. 

9- The sealed alkaline storage battery in accordance with daim 8. wherein the capacity of each negative electrode 
positioned at txrth ends of said electrode group is larger than 50% of tiie capacity of the positive electrode confront- 
ing with said negative electrode. 

10. The sealed alkaline storage battery in accordance with daim 7. wherein the ratio of the total capacity of the nega- 
tive electrodes to the total capacity of the positive electrodes is in a range of 1 .4 to 1 .8. 

11. The sealed alkaline storage battery in accordance with claims 7, wherein the amount of ttie electrolyte to the 
capacity of the positive electrodes is in a range of 1 .4 to 2.0 ml/Ah. 
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